Background: This exploratory analysis evaluated second-line (2L) therapy for metastatic pancreatic cancer in a large phase 3 trial (MPACT).
Pancreatic cancer is known for its aggressiveness, which is evident from mortality rates nearly equal to incidence (World Health Organization, 2015) . Current estimates rank pancreatic cancer as the fourth leading cause of cancer-related mortality in the United States (American Cancer Society, 2015) ; however, it is projected to become the second leading cause of cancer death by 2030 (Rahib et al, 2014) . Unfortunately, B80% of patients are initially diagnosed with advanced disease (53% with metastatic disease and 28% with regional disease that has spread to lymph nodes (Surveillance, Epidemiology, and End Results Program, 2016) ).
Treatment plans for advanced pancreatic cancer over the past decade have consisted primarily of only one line of therapy (Abrams et al, 2014; Smyth et al, 2015) . This may have been, at least in part, due to the aggressive nature of the disease and the lack of effective treatment options.
Recent results from two phase-3 trials (MPACT and PRODIGE) have demonstrated clinically meaningful, significantly longer overall survival (OS) with nab-paclitaxel þ gemcitabine (nab-P þ Gem) and FOLFIRINOX (folinic acid, 5-fluorouracil (5-FU), irinotecan, and oxaliplatin) regimens, respectively, vs Gem monotherapy, the standard for treating advanced pancreatic cancer since 1997 (Burris et al, 1997; Conroy et al, 2011; Von Hoff et al, 2013) . The efficacy advantages observed for these new first-line (1L) therapies suggest greater opportunities for using second-line (2L) therapies in metastatic pancreatic cancer. The National Comprehensive Cancer Network currently recommends that if a Gem-based chemotherapy (such as with nab-P þ Gem) is used as 1L therapy, the 2L therapy should be a fluoropyrimidine-based regimen, including combination therapies for fit patients (The National Comprehensive Cancer Network, 2015) .
A growing number of clinical trials are now examining the efficacy of 2L therapy for metastatic pancreatic cancer, including the recent phase 3 NAPOLI-1 study, which led to approval of MM-398 in the 2L setting (Gill et al, 2014; Oettle et al, 2014; WangGillam et al, 2015) . As nab-P þ Gem has become a standard option in the 1L setting, the identification of 2L therapies that will be effective after 1L nab-P þ Gem is important. This post-hoc analysis was designed to evaluate survival outcomes associated with 2L treatment in patients enroled in the MPACT trial.
PATIENTS AND METHODS
Patients received nab-P þ Gem or Gem alone as 1L treatment for metastatic pancreatic cancer in the MPACT trial, as previously described (Von Hoff et al, 2013) Patients were treated until disease progression, unacceptable toxicity, or patient or physician decision. After treatment, OS and information on subsequent anticancer therapy were monitored on a monthly basis for 6 months and then every 3 months until death, study closure, or a period of 3 years had elapsed after treatment discontinuation, whichever occurred first. This evaluation was conducted by record review and/or telephone contact with the patient's treating physician. Data on subsequent therapies included only the type of treatment administered and the date that therapy was initiated. After the closure of the MPACT trial (NCT00844649) in 2013, an observational extension study was initiated to gather additional survival information on patients who were still alive (NCT02021500). The data collected from the extension study are included in this post-hoc evaluation.
Overall survival was analysed by the Kaplan-Meier method. Total OS was defined as time from 1L randomisation to death. For comparisons of patients who did vs did not receive 2L treatment, analyses were performed on post-1L OS, which was defined as the survival time from the end of 1L therapy to death. Second-line OS (OS2) was defined as the survival time from the start of 2L therapy to death.
Baseline characteristics and efficacy data for patients who received any 2L or no 2L therapy were derived from the treated population in the 1L setting. Three multivariate analyses were carried out to evaluate factors associated with (1) total OS, (2) post-1L OS (to understand the effect of 2L treatment), and (3) OS2 (only in patients who received 2L treatment). Each employed a Cox proportional hazards model to evaluate association of factors with OS. The multivariate analysis for total OS evaluated effects of 1L treatment, 2L treatment, and the following prognostic factors at baseline: geographic region (North America vs other), age, Karnofsky performance status (KPS, 70-80 vs 90-100), neutrophil-to-lymphocyte ratio (NLR, p5 vs45), pancreatic cancer primary location (head vs body/tail), stage at initial diagnosis, carbohydrate antigen 19-9 (CA19-9; evaluated as a continuous variable), presence of liver metastases, presence of peritoneal carcinomatosis, previous Whipple procedure, presence of biliary stent, presence of pulmonary metastases, and number of metastatic sites. The analysis for post-1L OS evaluated the effects of 1L treatment (nab-P þ Gem vs Gem), 2L treatment (yes vs no), 1L progression-free survival (PFS; longer vs shorter than the median PFS of 4.4 months observed for the entire intention-to-treat (ITT) population), region (North America vs other), number of metastatic sites at baseline, and the following factors at the end of 1L treatment: age, KPS (70-80 vsp60 and 90-100 vsp60), and NLR (p5 vs 45). The analysis of OS2 evaluated effects of 1L treatment (nab-P þ Gem vs Gem), 1L PFS (longer vs shorter than the median of 4.4 months observed for the entire ITT population), type of 2L treatment (combination vs monotherapy), region (North America vs other), number of metastatic sites at baseline, and the following factors at the end of 1L treatment: age, KPS (70-80 vs p60 and 90-100 vs p60), and NLR (p5 vs45). For each analysis, a stepwise procedure was performed, to evaluate the treatment effect and identify the possible factors associated with OS. A significance level of 0.20 was required for entry into the model. A significance level of 0.10 was required to remain in the model.
Both MPACT and the observational extension of the MPACT study (NCT02021500) were conducted in accordance with the amended Declaration of Helsinki. The local institutional review boards or independent ethics committees approved the protocol and written informed consent was obtained from all patients.
RESULTS
Patients and 2L treatments. Patient enrolment in MPACT occurred between May 2009 and April 2012 (ITT population: n ¼ 431 for nab-P þ Gem and n ¼ 430 for Gem alone). A total of 823 of these 861 patients were treated: 421 with nab-P þ Gem and 402 with Gem alone. After the MPACT trial closed, 45 surviving patients continued to be followed in the observational extension study (n ¼ 26 for nab-P þ Gem and n ¼ 19 for Gem alone). The numbers of patients who received 2L treatment were similar between treatment arms (n ¼ 170 of 421 (40%) for nab-P þ Gem and 177 of 402 (44%) for Gem alone). Most of the 2L regimens contained a fluoropyrimidine (5-FU or capecitabine): 132 of 170 (78%) in the nab-P þ Gem arm and 135 of 177 (76%) in the Gemalone arm; the majority of these were combination treatments (98 of 132 (74%) and 107 of 135 (79%), respectively), with the remainder being fluoropyrimidine monotherapy. In addition, 11 patients who received 1L Gem alone received nab-P monotherapy as 2L treatment (26% of the 'other than fluoropyrimidinecontaining' category) and 7 patients received nab-P þ Gem. Of the 347 patients who received a 2L therapy, 69 (20%) received a third-line therapy (29 in the nab-P þ Gem arm and 40 in the Gem-alone arm).
Baseline characteristics of patients who received 2L treatment were generally well balanced at the time of initial randomisation to 1L treatment (Table 1) . However, compared with the ITT population, a higher percentage of patients who received 2L therapy had a KPS of 90-100 (68% for patients who received 1L nab-P þ Gem and a 2L therapy, and 75% for patients who received 1L Gem alone and a 2L therapy vs 58% and 62%, respectively, in the ITT population). Baseline characteristics were also evaluated by specific 2L treatment received (Supplementary Table 1 ). Patient characteristics were relatively well balanced among the subgroups, except that patients in the nab-P þ Gem and Gem-alone arms, who received 2L FOLFIRINOX (n ¼ 18 and 17, respectively), when compared with those in the ITT arms, were younger (median ages, 53.5 and 56.0 vs 62.0 and 63.0 years), fitter (KPS 90-100, 72% and 76% vs 58% and 62%), and less likely to have a higher tumour burden (43 metastatic sites; 0 and 12% vs 14% and 15%); however, baseline CA19-9 was similar or higher in patients who received 2L FOLFIRINOX vs the ITT population (median 5539 and 2368 U ml À 1 vs 2294 and 2759 U ml À 1 ).
As MPACT was designed as a prospective 1L study, no information was collected on patient characteristics at the start of 2L therapy. However, as a surrogate, a few key patient characteristics at the end of 1L treatment, such as KPS, CA19-9, and NLR, are reported in Table 2 , to help understand some patient characteristics of those who received a subsequent therapy.
Among patients who received 2L therapy, most discontinued 1L treatment due to disease progression (59% and 74% in the nab-P þ Gem and Gem-alone arms, respectively). Fewer patients 26  32  29  45  28  33  27  33  19  20  28  30  29  35  19  28 NLR p5 ,% 7 4 6 7 5 9 4 4 7 7 6 4 7 7 6 5 7 2 7 1 6 9 6 3 7 9 6 1 6 1 7 6
Abbreviations: 1L ¼ first-line; 2L ¼ second-line; CA19-9 ¼ carbohydrate antigen 19-9; FOLFIRINOX ¼ folinic acid, 5-fluorouracil, irinotecan, and oxaliplatin; FOLFOX ¼ folinic acid, 5-fluorouracil, and oxaliplatin; Gem ¼ gemcitabine; KPS ¼ Karnofsky performance status; nab-P ¼ nab-paclitaxel; NLR ¼ neutrophil-to-lymphocyte ratio; OFF ¼ oxaliplatin, folinic acid, and 5-fluorouracil; ULN ¼ upper limit of normal.
a Regimens in the Other category included the following: nab-P þ Gem (for the 1L Gem arm only), nab-P monotherapy (for the 1L Gem arm only), erlotinib-containing regimens, and other Gem-based combinations.
(26% and 14% of patients in the nab-P þ Gem and Gem-alone arms, respectively) discontinued 1L treatment due to adverse events. The median durations of 1L therapy in patients who received 2L therapy were 5.3 months for nab-P þ Gem and 3.7 months for Gem alone (Supplementary Figure S1) .
Efficacy in the 1L setting. Pooling both 1L treatment arms, the median total OS from 1L randomisation for patients who did (n ¼ 347) and did not (n ¼ 476) receive a 2L therapy was 10.9 and 5.4 months, respectively. In the cohort of patients who received any 2L therapy, efficacy was greater with nab-P þ Gem vs Gem alone in terms of total OS from 1L randomisation (median ¼ 12.8 vs 9.9 months, HR ¼ 0.76, 95% CI ¼ 0.61-0.95, P ¼ 0.015; Figures 1 and 2 ) and overall response rate during 1L therapy (28% vs 9%, Po0.001). First-line PFS was longer for patients who received 1L nab-P þ Gem vs Gem alone, although the difference was not statistically significant (median ¼ In the cohort of patients who received 2L therapy, a lower percentage of patients in the nab-P þ Gem vs Gem-alone arm experienced progressive disease before week 8 (9% vs 15%, respectively). In the cohort of patients who did not receive 2L therapy, 6% of those who received 1L nab-P þ Gem vs 12% of those who received Gem alone had progressive disease before week 8. To further eliminate potential bias of poor prognostic factors in the group of patients who did not receive 2L therapy, total OS was examined in a pooled-treatment-arm cohort of only those patients with KPS 90-100 and NLR p5 at the end of 1L treatment. Overall survival was longer for those who did (n ¼ 116) vs did not (n ¼ 70) receive 2L therapy: median OS 14.1 vs 9.6 months (HR ¼ 0.72, 95% CI ¼ 0.52-0.99, P ¼ 0.042). Baseline factors found to significantly associate with longer total OS in a multivariate analysis included 1L treatment with nab-P þ Gem, use of any 2L therapy, better KPS at baseline (90-100 vs 70-80), no liver metastases at baseline, NLR at baseline p5 vs 45 (Po0.001 for each), and lower CA19-9 at baseline (evaluated as a continuous variable, P ¼ 0.005; Table 3 ).
The total OS in the group of patients who received a fluoropyrimidine-containing regimen was significantly longer for those who received 1L nab-P þ Gem vs Gem alone (median ¼ 13.5 vs 9.5 months, HR ¼ 0.73, 95% CI ¼ 0.57-0.93, P ¼ 0.012; Figure 2 ). The longest median total OS values in the nab-P þ Gem arm were for patients who received fluoropyrimidine-containing combinations, such as FOLFIRINOX (n ¼ 18, median ¼ 15.7 months) and FOLFOX (folinic acid, 5-FU, and oxaliplatin; n ¼ 36, median ¼ 13.7 months); 2 patients who received 2L FOLFIRI (folinic acid, 5-FU, and irinotecan) after nab-P þ Gem had a total OS of 5.8 and 8.9 months.
A minority of patients (23%) received 2L therapies other than fluoropyrimidine-containing regimens; these included erlotinib and various investigational agents. In addition, some patients in the 1L Gem-alone arm received a nab-P-based regimen for 2L treatment. Median total OS for patients who received 1L Gem alone and 2L nab-P monotherapy (n ¼ 11) or nab-P þ Gem (n ¼ 7) was 8.8 and 7.9 months, respectively.
Post-1L survival (from end of 1L therapy to death). To understand the differences between outcomes in patients who did vs did not receive a 2L therapy, the duration of survival from the end of 1L therapy was examined. A multivariate analysis including treated patients in MPACT identified the following factors significantly associated with longer post-1L survival: 1L treatment with nab-P þ Gem, use of any 2L therapy, NLRp5 vs45 at end of 1L therapy, better KPS at end of 1L therapy (90-100 vs p60 and 70-80 vs p60; Po0.001 for each), and 1L PFS X4.4 months vso4.4 months (the median for the ITT population, P ¼ 0.002; Table 3 ).
OS2: survival time from the start of 2L therapy to death. For patients who received any 2L therapy (n ¼ 347), OS2 was similar for patients who received 1L nab-P þ Gem vs Gem alone (median ¼ 5.3 months for nab-P þ Gem vs 4.5 months for Gem alone; all 2L treatments; HR for OS ¼ 1.02, 95% CI ¼ 0.82-1.26, P ¼ 0.886; Figure 3 and Supplementary Table 3 ). Among patients who received a fluoropyrimidine-containing 2L treatment, median OS2 was 5.7 months for nab-P þ Gem vs 4.5 months for Gem alone (HR for OS ¼ 0.94, 95% CI ¼ 0.73-1.20, P ¼ 0.606; Supplementary Table 3) .
Among patients who received any 2L therapy, factors found to significantly associate with longer OS2 in a multivariate analysis included fewer metastatic sites at baseline, NLR p5 at end of 1L treatment, and KPS 90-100 vs p60 at end of 1L treatment (Po0.05 for each; Table 3 ).
In general, groups with longer median 1L treatment duration demonstrated a trend towards longer median OS2 ( Supplementary  Figure 1) .
DISCUSSION
The overall results of this analysis demonstrated that 2L treatment was feasible and appeared to confer an OS benefit compared with no 2L treatment in the large, randomised MPACT patient population. Indeed, the median OS of patients in the nab-P þ Gem group who received a 2L treatment was over 4 months longer than the median OS with nab-P þ Gem in the ITT population (12.8 vs 8.7 months; Von Hoff et al, 2013) and over 6 months longer than the median OS with nab-P þ Gem in patients who did not receive 2L therapy (12.8 vs 6.2 months). A similar effect was observed in the Gem-alone arm (median OS, 9.9 for those who received 1L Gem alone and a 2L treatment vs 6.6 months in the ITT population). A matched cohort analysis of patients with good prognostic factors (KPS 90-100 and NLR p5) at the end of 1L treatment supported a benefit for 2L treatment, as did multivariate analyses of total OS and post-1L survival, further confirming that subsequent therapy is beneficial. Patients who received nab-P þ Gem vs Gem alone for 1L therapy followed by fluoropyrimidine combination therapy as the 2L treatment achieved a median OS2 of Table 3 . Multivariate analyses of total OS, post-1L OS, and survival time from the start of 2L therapy to death (OS2) OS2 (only patients who received 2L therapy; n ¼ 346) In this study, the median PFS for the entire intention-to-treat population was 4.4 months. 6.0 vs 4.6 months (HR ¼ 0.87, 95% CI ¼ 0.66-1.16, P ¼ 0.352), consistent with the idea that more effective 1L therapy may have an important role in achieving optimal benefit from specific subsequent therapies. In addition, these data suggest that fluoropyrimidine combination regimens are feasible as 2L therapy after nab-P þ Gem and confer better results than monotherapy after 1L combination therapy. The median durations of OS2 (all 2L therapies combined, 5.3 months for nab-P þ Gem and 4.5 months for Gem alone) were comparable to those reported in the PRODIGE trial of FOLFIR-INOX vs Gem as 1L therapy (4.4 months in both arms; Conroy et al, 2011) . Combination 2L therapies in MPACT appeared to result in longer survival. Some factors that might explain this effect are the efficacy of the specific 2L treatment and the underlying patient biology that allowed patients to receive that therapy. For example, FOLFIRINOX after nab-P þ Gem resulted in the longest OS of all treatments analysed (this result must be interpreted with caution given the small sample size (n ¼ 18)); however, FOLFIR-INOX was given to patients with favourable characteristics at the end of 1L therapy (e.g., those with better performance status), making it difficult to determine how much of the longer survival was due to the efficacy of FOLFIRINOX vs inherent patient factors. Indeed, separate multivariate analyses demonstrated significant associations of total OS and post-1L OS with 1L nab-P þ Gem vs Gem alone, receipt of 2L therapy, and KPS and NLR (at baseline for total OS and at the end of 1L therapy for post-1L OS). A third multivariate analysis identified baseline number of metastatic sites, as well as NLR and KPS at the end of 1L treatment, as significantly associated with OS2. These clinical characteristics at the end of 1L therapy will help clinicians identify which patients will achieve the greatest benefit from 2L therapy. More research to distinguish the extent of benefit of treatment as opposed to favourable prognostic biology is required.
Sequential treatment planning for metastatic pancreatic cancer is a new concept made possible by therapeutic advances such as nab-P þ Gem and FOLFIRINOX. Disease management previously focused on palliation of symptoms after progression following initial therapy. However, the results from this study and others (Supplementary Table 4) suggest that care plans for patients with metastatic pancreatic cancer are evolving to include multiple lines of therapy (Conroy et al, 2011; Gill et al, 2014; Oettle et al, 2014; Portal et al, 2015; Wang-Gillam et al, 2015; Kobayashi et al, 2016; Schmidt et al, 2016) . In addition, although little is known about interactions between specific 1L and 2L therapies in terms of overall efficacy, groups with longer median duration of 1L therapy generally had longer median OS2 in this subanalysis (Supplementary Figure 1) and a multivariate analysis demonstrated that PFS duration in the 1L setting was associated with post-1L survival. The association between 1L PFS and post-1L survival is consistent with a previous study (Reni et al, 2008) . Taken together, these findings highlight the benefit that a patient could theoretically derive from maximizing duration of 1L therapy (in the absence of disease progression) through careful monitoring of patient tolerability and enacting dose modifications when necessary.
Genomic analyses may hold promise in guiding treatment selection based on tumour biology (Sausen et al, 2015) and, although there are often valid reasons for a patient not to be offered 2L therapy (e.g., toxicity and patient decisions), a broader assortment of options and information on potential benefit of specific treatment sequences will undoubtedly improve patient care.
Interpretation of these results is subject to a number of limitations. First, as a post-hoc analysis of a prospective 1L study, no measures were enacted to ensure controlled comparisons among groups with regard to 2L therapy. Second, beyond the start date and description of components, details on 2L regimens were not collected, resulting in a lack of information on doses, schedules, duration of 2L therapy, disease progression, and tolerability of 2L treatment. In addition, patient characteristics were not specifically recorded at the initiation of 2L therapy, although certain key factors, including age, CA19-9, and NLR were collected at the end of 1L therapy. Third, when considering the longer OS in patients who received 2L treatment vs the ITT population, it is important to note that this cohort, by definition, excluded patients who died too early to receive 2L treatment. Fourth, there are no data from this analysis on patients who received 2L liposomal irinotecan, which recently became the only approved 2L option for metastatic pancreatic cancer (Merrimack Pharmaceuticals, 2015) , nor was irinotecan a highly used option (e.g., as a component of FOLFIRI) at the time of trial conduct. Most patients in the MPACT study received oxaliplatin-and fluoropyrimidine-containing combination treatments (e.g., FOLFOX or OFF (oxaliplatin, folinic acid, and 5-FU)), per established treatment recommendations at the time the study was conducted.
The findings from this analysis support the increasing use of 2L therapy in patients with metastatic pancreatic cancer. Specifically, these results showed that a fluoropyrimidine-containing treatment after 1L nab-P þ Gem or Gem alone may be an active treatment sequence with favourable clinical benefit. Further guidance for the use of 2L therapy will depend on enhanced identification of biologic predictors of 2L treatment benefit, development of more active regimens, and a better understanding of how an effective 1L therapy may influence clinical benefit in subsequent treatments.
